Factors involved in depletion of glutathione from A549 human lung carcinoma cells: implications for radiotherapy.
We have measured the rate of GSH resynthesis in plateau phase cultures of A549 human lung carcinoma cells subjected to a fresh medium change. Buthionine sulfoximine (BSO) blocks this resynthesis. Diethyl maleate (DEM) causes a decrease in accumulation of GSH. If DEM is added concurrently with BSO there is a rapid decline in GSH that is maximal in the presence of 0.5 mM DEM. GSH depletion rapidly occurs when BSO is added to log phase cultures which initially are higher in GSH content. Twenty-four hr treatment of A549 cells with BSO results in cells that are more radiosensitive in air and show a slight hypoxic radiation response. A 2 hr treatment with either 0.25 mM or 0.5 mM DEM results in some hypoxic sensitization and little increase in the aerobic radiation response. The 24 hr BSO + 2 hr DEM treatment sensitizes hypoxic cells to a greater degree than either agent alone but does not increase the aerobic response more than is seen with BSO alone. Cells treated simultaneously with BSO + DEM show little increase in the hypoxic radiation response, compared to DEM alone, but are more sensitive under aerobic conditions. Decreased cell survival for aerobically irradiated log phase A549 cells occurs within minutes after addition of a mixture of BSO + DEM. The decreased cell survival following aerobic irradiation, after prolonged treatment with BSO or acute exposure to BSO + DEM, may be in part due to inhibition of glutathione peroxidases. For example, glutathione-S-transferase, known to have glutathione peroxidase activity (non-selenium), is nearly completely inhibited by the BSO treatments. In addition, cellular capacity to react with peroxide (glutathione peroxidase, selenium containing) was also inhibited. We suggest that the enhanced aerobic radiation response is related to an inability of GSH depleted cells to inactivate either peroxy radicals or hydroperoxides that may be produced during irradiation of BSO treated cells. Furthermore, enhancement of the aerobic radiation response may be useful in vivo if normal tissue responses are not also increased.